PART 1: ANATOMY The aim of this work was to improve operative technique in the control of gastric reflux in hiatus hernia by more exact anatomical knowledge. During dissections to establish the nerve supply of the crura (Collis, Satchwell, and Abrams, 1954) it became obvious that there were points in the anatomy of the area which had not been fully described and were not generally appreciated. It seemed reasonable to presume that the anatomical arrangements were designed for a functional result and that deductions could be made from this study about the mechanism of the oesophageal hiatus.
The aim of this work was to improve operative technique in the control of gastric reflux in hiatus hernia by more exact anatomical knowledge. During dissections to establish the nerve supply of the crura (Collis, Satchwell, and Abrams, 1954) it became obvious that there were points in the anatomy of the area which had not been fully described and were not generally appreciated. It seemed reasonable to presume that the anatomical arrangements were designed for a functional result and that deductions could be made from this study about the mechanism of the oesophageal hiatus.
MATERIAL
In preparing the previous paper on the nerve supply of the diaphragm, 14 dissections were made and to this number a further 50 specimens were added for this survey. To estimate percentage frequency of various arrangements this new block of 50 dissections was used because of the ease of the calculations. For dissection wire frames were made, which consisted of two concentric rings of strong copper wire braced by radial supports of the same material. The fresh specimens were attached to these and fixed in formalin before dissection.
STANDARD ANATOMICAL PATTERN The considerable number of major points of difference between specimens resulted in only 46%0 of cases presenting a standard pattern. This type is in general accord with the text-book description which is so largely based on the short but thorough picture given by Low in 1907. Figs. 1, 2, 3, 4, 5 and 6 show the anatomical relations in this group. There is a large right crus and a smaller left crus which takes no part in the formation of the oesophageal hiatus.
The fibres of the right crus arise from the main tendon and in varying degree from the median arcuate ligament. Some of these fibres may arise from this latter ligament to the left of the mid-line (see Figs. 5 and 6) , but in all cases they can readily be separated from the left crural fibres.
There is no decussation of muscle fibres in front or behind the oesophageal orifice, but varying degrees of muscle overlap are a constant feature. The fibres on the extreme left of the right crus, which often arise from the median arcuate ligament, pass upwards below the other fibres and cross over to form the right margin of the hiatus. Conversely, fibres from the right side of the right crus pass upwards above the fibres already mentioned to reach the left side of the hiatus. This produces an effect of a doublebreasted coat, more or less well marked from case to case, as shown by comparison of Figs. 1 and 3. When the cross-over effect is well marked it is referred to here as a case with good overlap.
In the standard type the median arcuate ligament is always present, although in many cases it is poorly developed (36%).
SHIFT TO THE LEFT The fibres forming the right aspect of the oesophageal orifice often arise to the left side of the mid-line. When this only represented a spread of the origin of the right crus across the median arcuate ligament, the specimen was still considered to be of standard type. This group does represent a shift to the left of minor degree and is spoken of as a stage 1 shift. It is shown in Figs. 5 and 6. Other cases are not uncommon (34%), in which a more marked " shift to the left " is present, and, in these, fibres belonging to the left crus take part in the right side of the oesophageal orifice. This point is at direct variance with the standard description.
The shading off to the left with definite participation of the left crus in the right side of the oesophageal hiatus is termed a " stage-2 shift " and occurred in 32%. of cases. A marked example of this is shown in Fig. 7 . The overlap below the hiatus presents the usual pattern, but all the fibres forming the lower muscle band come from the left crus. They cross over in a scissor-like fashion, a similar band coming 6 ) and passes from the left crus in the direction of the orifice of the inferior vena cava, as in the type 1 muscle. It is wider and flatter than the muscle noted by Low and is usually 10-16 mm. wide. All its fibres are on the upper surface of the diaphragm and none pass between the fibres of the right crus as Low described. It is to be noted that none of the fibres or either of these muscles take any direct part in the formation of the oesophageal hiatus.
TRANSVERSE INTERTENDINOUS MUSCLE
There is yet another distribution of muscle fibres in this area which in no way conforms with any of the anatomy previously described. This muscle band is shown in Figs. 14 and 15. It lies on the superior surface of the diaphragm and passes transversely behind the oesophageal orifice. Each end gains attachment to the central tendon. Apart from the specimen shown in Fig. 15 COMMENT ON CONSOLIDATED FINDINGS Reference is made to the quality and length of the muscle, and this will be considered further in the section dealing with the deductions from these observations.
One case which is shown in Fig. 10 During the inspiratory phase regurgitation is more likely because of the more pronounced negative intrapleural pressure, and it would seem reasonable that some additional mechanism should be available to meet this need. It is suggested that the oblique and overlapping arrangements are designed to provide this force. The arrangements referred to include the double-breasted overlap, the various types of shift of muscle fibres to the left, the muscle of Low in its two types and the transverse intertendinous muscle. Some sort of muscle distribution on one or more of these patterns is present in over 95% of diaphragms, and it is suggested that these fibres produce a scissor effect, tending to close off the lower end of the oesophagus during the inspiratory phase.
The quality and the length of the muscle fibres around the hiatus were also recorded as having a bearing on the strength of the area. It would seem that to some extent shortness of the muscle may be compensated for by more pronounced cross-over fibres, so that the whole area has a square appearance.
In one specimen a hiatus hernia was found. This was unsuspected during life and no symptoms appear to have been produced by it. In view of this, it is interesting to note that the muscle development was good and a well-marked type 2 band of Low was present. It is suggested that the explanation of the absence of symptoms was due to the good muscle which was producing valvular control of the stomach as it passed the powerful hiatus. The strength of the muscle may have been able to prevent gross regurgitation from the stomach below to the stomach above the diaphragm, so that troublesome heartburn did not arise. Further arguments will be put forward about this at a later stage. These have reference to hiatus herniae in children which become asymptomatic and also the operative production of stomachto-stomach control with the object of controlling symptoms. The finding of this hiatus hernia in a specimen showing good muscle was at first sight rather upsetting to the general trend of thought on the subject. However, if the explanation given above is correct, it would seem to strengthen and support the views expressed.
Post-mortem material on patients suffering symptoms from gastric reflux was not available, but the opportunity was taken at 18 operations to observe the position. Uniformly in these cases the crural muscle would have been classed as medium or weak in strength, and in all but two cases the overlap was poor. SUMMARY The findings from the dissection of 64 diaphragms are described.
The descriptions of Low are confirmed and with considerable humility elaborated.
The high proportion of cases in which the left crus takes part in the hiatus is noted.
The transverse intertendinous muscle is described. Certain conclusions about function are drawn from these anatomical arrangements.
PART 2: SURGERY OF HIATUS HERN IA As has already been stated, the object of the anatomical survey was to gain knowledge which would assist in improving surgical technique for the control of gastric reflux and the repair of hiatus hernia. Before actually considering the operation it would seem appropriate to view the picture on a broader basis than that of the muscular arrangement at the hiatus only.
Although the term hiatus hernia is used in the title of this paper, the major emphasis is laid on the regurgitation of gastric contents. This is the cause of the main symptoms, and an operation can only be considered as satisfactory if this is prevented or very materially reduced.
MECHANISM AT THE CARDIA There are certain generally accepted ways in which reflux from the stomach to the oesophagus is prevented. These may be listed under four headings. First, the obliquity of the insertion of the oesophagus into the stomach; second, the sling fibres in the stomach; third, the muscle fibres of the right crus; and last, the weak sphincter of the lower end of the oesophagus.
The position may be simplified still further by considering that these various muscle masses are From the anatomical studies it appears to be the external sphincter produced by the done to demon-cross-over arrangement of the fibres of the sophagus and the right crus which provides the extra force to vered by the wire.P a board to give a prevent regurgitation in the inspiratory phase.
It is to be noted here that paralysis of the left :aining phrenic nerve will interfere with this mechanism and )hagus may actually aid regurgitation.
;ter on It would seem reasonable to accept that reflux r case from the stomach is controlled by two mechanisms cter in producing either a sphincter action on the lower end iincter of the oesophagus or a narrower angle between the t crus, oesophagus and the stomach. In the light of this, all steps in the standard operation should be of the reviewed to ensure that these two ends are served. group.bmj.com on August 15, 2017 -Published by http://thorax.bmj.com/ Downloaded from would be increased, but this advantage would be off-set by weakness at the crus. These opposing factors account for the variability in the results of left phrenic paralysis. A better plan would be to raise the dome of the diaphragm, while leaving the crural fibres to function normally. It must also be remembered that, while the crural fibres pull on the diaphragm from the back, the anterior muscle fibres balance this by contracting in front. Both these actions are necessary for the effective function of the crural muscles.
Selective elevation of the dome of the diaphragm without interfering with the crural action can be effected if the lateral division of the phrenic nerve is divided without cutting the anterior or posterior divisions. This effect is produced by incising the diaphragm obliquely backwards and inwards towards the hiatus as far as the anterior edge of the central tendon. This cut can be embodied into the operation as part of the exposure of the area by an abdomino-thoracic approach, crossing the costal margin at the eighth costal cartilage and opening up the eighth intercostal space.
In dealing with the hiatus itself it is general practice to insert sutures so as to narrow the hole through which the oesophagus passes. This general narrowing does prove effective in the same way as a stricture protects the oesophagus above it. It is an unphysiological approach to the problem and has the disadvantage that there is a group of cases mentioned later in which it is quite ineffective. The success obtained by using this method does seem to prove that symptoms from acid regurgitation are produced by gross reflux and that a proportional improvement may be expected from a proportional narrowing. It is suggested that the plastic repair of the hiatus should be designed to increase the angle between the oesophagus and the stomach. To effect this the point around which the oesophagus and stomach are angulated should be lowered. This can be done by suturing the two parts of the right crus together above and in front of the oesophagus, which in turn is displaced downwards and backwards. It is often possible to increase this angle by as much as an inch.
This point is at direct variance with the Allison (1948) plan adopted by most thoracic surgeons, who place their stitches behind the oesophagus so as to narrow the aperture, while pushing the oesophagus forwards and upwards. This movement of the point of angulation of the stomach on the oesophagus in an upward direction reduces the incisura and must be a definite weakness in the method. The placing of the stitches in the suggested way from above downwards can only be done effectively after dissection of the under-surface of the crural area, and would seem to make it essential that this part of the operation should be done from below the diaphragm; clearing this area allows downward displacement of the oesophagus with consequent narrowing of the incisura.
After this dissection of the crura and before approximating the pillars of the right crus in front of the oesophagus, one stitch can be placed behind. With this in place the stitches from above narrow the opening and aid the external sphincter effect of the right crus. At the same time it is maintained that the lowering of the point of insertion of the oesophagus into the stomach, thereby narrowing the incisura, is the important step in the operation.
Before performing the plastic repair of the hiatus, the oesophagus and herniated part of the stomach must be dissected in order to allow the cardia to be placed in its normal position at the hiatus. In this part of the mobilization it is sometimes an advantage to have access to the chest through the abdominothoracic approach. Dissection of the mediastinum above the diaphragm may make this part of the operation easier and may facilitate the difficult point in deciding whether a given part of the gut is oesophagus or stomach. As will be put forward later, over-emphasis should not be given to the positioning of the cardia at the hiatus. Tension on the oesophagus should not be allowed to reduce the effect of the plastic reconstruction of the hiatus so that the increase in the incisura is not obtained. It is felt that it is better to allow a small part of the stomach to be above the hiatus than for this to happen. It is not considered that any attempt should be made to elevate the diaphragm and stitch it around the cardia in the chest. This is bound to produce a funnel pointing upwards which will completely frustrate any plastic reconstruction of the normal angle between the oesophagus and the stomach.
Finally, in closing, it is necessary to retain the oesophagus at the hiatus and at the same time fix the fundus under the dome of the left diaphragm so as to maintain the incisura to the maximum extent. This can be effected by suturing the anterior surface of the fundus to the incision in the diaphragm when this structure is being closed.
In the overall plan for the operation it is also necessary to inspect the area adequately, and may include examination of parts within the chest and also laparotomy. This necessity is met by the use of an abdomino-thoracic incision.
OPERATIVE TECHNIQUE
After induction of anaesthesia the patient has sand bags placed under the left side so as to raise this part about two inches from the table. The left arm is placed at right angles from the side. An incision is made from a point just above the umbilicus and across the costal margin and along the eighth intercostal space. It is carried backwards to the edge of the latissimus dorsi. This muscle is freed from the chest wall by blunt dissection so that the incision in the muscle layers can be carried underneath it. The serratus magnus is incised, and again the muscle is lifted from the chest wall posteriorly beyond the edge of the latissimus dorsi. The area of interdigitation of the serratus and external oblique muscles is lifted from the chest wall and the incision carried forwards through the latter muscle and over the costal margin. The anterior sheath of the rectus is cut and the rectus divided across its fibres.
The eighth intercostal space is then opened and a section of the costal margin removed. This is an important step, as it makes closing easier and prevents a painful area after operation. The abdomen is opened immediately below the costal margin and the incision carried forwards through the posterior sheath of the rectus.
The diaphragm is then incised to the anterior edge of the central tendon but no further. This incision cuts all the divisions of the lateral branch of the left phrenic nerve.
The peritoneum is incised above the hiatus and the left pillar of the right crus is brought into view. To the right of the oesophagus the lesser omentum must be punctured and cut before the right pillar of the right crus can be dissected free from peritoneum.
At this stage a laparotomy can be performed to check for the presence of a peptic ulcer or gallstones. Then a sling is put around the gut at the hiatus. This facilitates the mobilization and identification of the parts.
With this done and the crural fibres cleared down to the coeliac axis, the nature of the overlap of the fibres is noted and a stitch inserted as low down as possible in this area. This stitch attaches together the two limbs of the right crus in the area of their double-breasted overlap.
Attention is now turned to the area above and in front of the oesophagus and the crural fibres are drawn up in a tent fashion while the oesophagus is depressed downwards. A series of sutures is now put in this area between the two limbs of the crus. Care must be taken that these stitches are not inserted too deeply as otherwise the posterior branch of the phrenic nerves on each side may be damaged (Collis, Satchwell, and Abrams, 1954) . The lowest of the stitches pulls the limbs of the right crus tightly around the oesophagus and tends to hold it firmly in position.
The incision in the diaphragm is now closed with interrupted thread, which is the same suture material as has been employed in the plastic repair of the crus. The first sutures are put in most posteriorly and with the third and fourth suture the anterior wall of the fundus of the stomach is included. This maintains the cardia in position at the hiatus and ensures that the fundus is applied to the dome of the diaphragm. The chest and abdomen are then closed without drainage, but with care to see that the lung is fully expanded. No special post-operative care is required, and in about half the cases no aspiration of the chest is needed.
SCOPE OF THE OPERATION
The operation is designed as a plastic repair to prevent acid reflux from the stomach to the oesophagus. Its secondary purpose is to maintain the reduction of the hiatus hernia. It is suitable not only for all types of para-oesophageal and sliding herniae, in which the oesophagus will reach the hiatus, but also for some patients with short oesophagi. When employed in this group the plastic operation produces a valve between the stomach below the diaphragm and the herniated part above. When using the operation for this purpose it is necessary to be certain that the main symptoms are due to regurgitation from the stomach below the diaphragm. There is a clear case for considering this to be so in patients who have a short oesophagus but in whom no oesophagitis is present, but the situation is not so clear when oesophagitis exists. Aylwin (1953) believes that acid regurgitation in the daytime produces heartburn, but is neutralized so quickly by alkaline saliva that the pepsin cannot act on the oesophageal wall. During sleep, acid in the oesophagus is not neutralized in the same way, and in consequence pepsin activity is possible. After a large series of tests he came to the conclusion that the increase of acid at night was only produced by oxyntic cells within the stomach pouch. These cells are usually few, so that it is only the rather unusual case where oesophagitis from pepsin digestion is possible. On the basis of Aylwin's work, cases with short oesophagus can be divided into two clear groups according to whether or not oesophagitis is present. It can further be considered that when no oesophagitis is present the patient is not suffering from the gastric pouch within the chest. The only exception to this rule would appear to be those cases in which peptic ulceration affects the pouch. This is in the nature of an associated disease rather than directly a result of hiatus hernia, and must be excluded before the division of patients is made. Allison (1951) . The patients were elderly and weak and such a procedure was felt to be undesirable. By performing the operation as described, but making no attempt to reduce the hiatus hernia, a valvular mechanism was produced so that no reflux occurred between the stomach in the abdomen and the herniated part. The object was achieved and symptoms relieved. Belief in this as a practical procedure has been strengthened by the findings of Astley and Carre (1954) , who suggest that a similar mechanism operates in infants who spontaneously lose the symptoms of hiatus hernia. Astley has been kind enough to demonstrate some series of radiographs in children passing through the phase of spontaneous cure, and there seems good reason to believe that thev develop hiatal control. In this circumstance the oesophagus remains short, but the control at the hiatus prevents gastric reflux from the major part of that organ below the diaphragm to the smaller part above. Once control of gastric reflux has been established they will be difficult to diagnose on barium swallow examination. In these circumstances the nature of the condition can only be found at oesophagoscopy, and may tempt some people to diagnose the condition as a gastric-lined oesophagus.
Patients with this arrangement are seen with symptoms in later life, but in view of the frequency of the condition in infants they must represent only a small percentage of the people in whom this abnormality exists. In view of these observations, the application of the operation to a group of patients with short oesophagus would seem to be only a method of applying nature's own cure. By excluding cases with active oesophagitis trouble is unlikely to occur, while by testing the nightly secretions of the oesophagus after operation a check can be made that the pH is too low for pepsin activity. This has been done in the three patients mentioned.
FOLLOW-UP The follow-up on this small group of 71 personal cases must of necessity be of very limited value, and it is only included to emphasize a few points. It is general experience that symptomatically a very high proportion of these patients are improved, but the degree of improvement must be a matter open to individual interpretation. As heartburn is the main symptom and is present occasionally in all normal people, it is difficult to see how an absolute assessment can be reached. Although many patients who still have gastric reflux say that their symptoms are relieved, it is felt that there is a direct relationship between the amount of reflux and the improvement of symptoms. The major emphasis has been placed on the efficacy of the operation to control gastric reflux, and all patients have been given a standard test. This consisted in laying the patient down in the right lateral position after the stomach had been filled with barium. While the patient was in this position he was asked to cough and pressure was applied to his abdomen. The period under review was from January, 1948 , to January, 1954 . Each patient was screened on discharge from hospital and at yearly intervals after this. In the case of the abdomino-thoracic approach, some follow-up periods of as little as three months had to be included, as the operation by this method has only been regularly used since March, 1953 . The cases under review fell into two groups. There were 35 patients in whom the operation had been done through a laparotomy incision and 18 in whom the abdomino-thoracic incision had been used. It might have been appropriate to compare the whole series with other cases treated by the
